New chromogens expand the colour palette for horseradish peroxidase chromogens used in immunohistochemistry. Tissue staining of cytokeratin with three new cyanine-based chromogens is described. Their use as fluorescent reporters is demonstrated.
Introduction
Immunohistochemistry (IHC) is based on the use of chromogens to visualize different targets within tissues. The IHC visualization systems used are based on antibodies conjugated with an enzyme. The most common enzymes used in the conjugates are horseradish peroxidase (HRP) and alkaline phosphatase. Substrates of these enzymes form coloured precipitates when processed with the appropriate enzyme. For HRP, the common substrates are 3,3′-diaminobenzidine (DAB, brown), 3,3′,5,5′-tetramethylbenzidine (turquoise), and 3-amino-9-ethyl carbazole (AEC, brown/red). A few modifications of these substrates are described in the literature for use in IHC, to yield different colours or improved staining properties (Hsu and Soban, 1982; Nemes, 1987; Krieg et al., 2000; Krieg and Halbhuber, 2003) .
For fluorescent in situ hybridization (FISH), the most common enzyme substrate is the tyramide system, in which a fluorescent reporter is coupled to tyramine and used as the substrate for HRP (Schmidt et al., 1997; Speel et al., 1999) . Fluorescein or a cyanine dye is often used as the fluorescent reporter. Other fluorescent HRP substrates with self-anchoring properties have recently been described in the literature (Krieg et al., 2007 (Krieg et al., , 2008 .
Cyanine dyes, with their intense absorption band, are intensely coloured and were originally used for dyeing textiles. Their intense colours make them good candidates for new IHC chromogens. Today, cyanine dyes (Cy3, Cy5) are used as fluorochrome labels on biomolecules. This communication presents the novel application of cyanine dyes as peroxidase substrates, for use as either fluorochromes or chromogens.
Experimental
Dako IHC reagents were used throughout all experiments. Stock solutions of the compounds in N-methylpyrrolidone (20-30 mg/mL) were stored at 5°C. For staining, these stock solutions were diluted in the DAB buffer component of the kits, thus substituting these compounds for DAB. The final concentration was 0.5 mg/mL when used as chromogens and 10 μg/mL for fluorescence applications.
The dewaxed tissue was antigen retrieved for 10 min in a microwave oven, washed in Tris-buffered saline (TBS), and incubated for 30 min with monoclonal mouse antibody directed against human cytokeratin. After washing, the tissue was
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Abbreviations: AEC, 3-amino-9-ethyl carbazole;DAB, 3,3′-diaminobenzidine;DAPI, 4′,6-diamidino-2-phenylindole;FISH, Fluorescent in situ hybridization;IHC, Immunohistochemistry. Double staining was performed with the Envision G|2 double staining system using cytokeratin diluted 1:50 and CD20 diluted 1:100. Cytokeratin was stained first and compound 1 was substituted for DAB in the substrate buffer. No counterstaining was used. The pictures were taken with an ACIS III Image Analysis System.
Discussion
If a compound contains an aromatic hydroxyl or amino group, it can be a substrate for horseradish peroxidase. Mujumdar et al. (1989) described cyanine dyes containing one amino group in each of their indole ring systems and (Shragina et al.,1990 ) described indoles containing one hydroxyl in their aromatic ring. The cyanine dyes shown in Fig. 1 were synthesized based on their methods.
The compounds were tested for IHC using AEC as the reference. Fig. 2A -D shows cytokeratin staining in colon tissue. The compounds form a blue or turquoise precipitate. Nuclear Fast Red was preferred for counterstaining, and methyl green can also be used, but hematoxylin is not suitable because it produces a blue counterstain. A twofold dilution series showed that the staining intensity of compound I was similar to that of AEC, whereas compounds II and III showed lower staining intensities. These staining intensities indicate that an amino group on each indole ring is better than a hydroxyl group for this purpose. The Cy-5 analogue was therefore only synthesized with amino groups on the indole rings and only the aminobearing cyanines were tested as fluorescent substrates. Diluting the IHC substrates 50 times made it possible to use them as fluorescent substrates. Fig. 2F shows the immunofluorescent staining of colon tissue with compound I as the precipitating fluorochrome.
A single concentration of each compound could not be used for both chromogenic and fluorescent applications. If the chromogen concentration was raised above 0.5 mg/mL for use as a chromogen or 10 μg/mL for fluorescent applications, then nonspecific staining of the tissues by the dyes was observed. When a chromogen stain was observed by fluorescence microscopy, the whole tissue was brightly fluorescent and no specific signals were seen.
The dyes are transformed into radicals by the action of HRP. These radicals can either react with the surrounding tissue forming covalent bonds (self-anchoring), or they can react with other dye molecules to form a polymer that precipitates. The product in both reactions is insoluble and the resultant stain is believed to be a mixture of the two reactions. The ratio of the two reaction products is expected to be concentration dependent. The polymerization of compound I was observed by the addition of HRP to a test tube containing the substrate solution. This caused instant precipitation and mass spectroscopic analysis of the solution showed dimers of compound I in the solution.
The reaction product is insoluble in both water and organic solvents. This confers the advantage that stained slides can be mounted in both water-based and permanent mounting media. For fluorescence applications, this means that fluorescence spectra of the insoluble precipitates are not possible and the filter sets were chosen based on the commercial Cy3 and Cy5 data.
Conclusion
Known fluorochromes have successfully been converted into substrates for HRP, eliminating the need for a tyramine anchor to connect the substrate functionality to the dye. The compounds described here are a new class of self-anchoring HRP substrates. Of the three dyes described, compound I is the most promising for IHC because it is similar to AEC in its staining and sensitivity. In IHC, these dyes offer new colour combinations in the double staining of tissue. To demonstrate this, compound I was used together with Fast Red to doubly stain cytokeratin and CD20, shown in Fig. 2E . The stability of the chromogen-stained slides is good. Slides stored for more than 1 year can still be examined under a light microscope.
The compounds described here can be substituted directly into a normal DAB staining protocol, as a substitute for DAB.
